The frequent occurrence of Cl. oedematiens in war wounds in general and in gas gangrene in particular (1) has stimulated the study of the physiologic effects of the toxin of this organism. The availability of Cl. oedematiens toxin in purified form has made it possible to investigate its action as distinct from toxins of other synergistic and symbiotic organisms which contribute to the clinical picture of anaerobic infections. Such a study is herein reported.
The frequent occurrence of Cl. oedematiens in war wounds in general and in gas gangrene in particular (1) has stimulated the study of the physiologic effects of the toxin of this organism. The availability of Cl. oedematiens toxin in purified form has made it possible to investigate its action as distinct from toxins of other synergistic and symbiotic organisms which contribute to the clinical picture of anaerobic infections. Such a study is herein reported.
The pathologic effects of Cl. oedematiens were described first by Novy (2) ; and, subsequently, on the same or closely related organisms, by Weinberg and Seguin (3) , and others (4 to 6). Previous studies of the physiologic effects of this toxin have not, however, reached our attention. It has not been demonstrated that more than one toxin is produced by the organism, although analogy with Cl. welchii makes this a possibility.
Recent work from this laboratory (7 to 13) has shown that the presence of clostridia may constitute an important factor in some forms of traumatic shock produced experimentally in dogs. The present communication points out that a picture similar to that of traumatic shock may be produced experimentally in dogs by the injection of Cl. oedematiens toxin.
MATERIALS AND METHODS
The experiments have been carried out using several preparations of purified Cl. oedematiens (Novyi) The methods used in this study have been described previously (14) , with the following exceptions: liver function was tested by the bromsulfalein excretion method; and kidney function was tested by phenolsulfonphthalein excretion.
RESULTS

Cl. oedematiens intravenously
Dosage: Thirty-five dogs were injected intravenously with a dosage of toxin which ranged from 3,700 down to 20 MLD per kgm. Of 9 unanesthetized dogs simply injected with varying amounts of toxin and then observed, there was only 1 survivor, the animal receiving the 20 MLD per kgm. dose. Dogs given 46 and 90 MLD per kgm. died on the third day. With larger doses of toxin (over 500 MLD per kgm.) the survival time was uniformly shortened to a matter of hours.
Twenty-six dogs were anesthetized and, following carotid and tracheal cannulation, were injected intravenously with toxin. The majority of these animals were given 1,250 MLD per kgm., and only 3 out of the 26 survived longer than 8 hours.
Rate of injection: There was no great differ-. ence in the effect of the toxin whether it was given rapidly in small volume (less than 10 ml.) by syringe, or diluted to 100 ml. and allowed to drip into the animal by slow infusion over a period of hours. The survival time following slow infusion was an hour or two longer, and the decline of the blood pressure more gradual, but otherwise the picture was the same by either method. under similar circumstances. The amount of fluid administered ranged from 25 per cent up to 100 per cent of the estimated blood volume. It was noted (a) that the blood pressure always rose promptly, but fell within a few minutes after termination of the transfusion; (b) that right auricular pressure remained low even when the transfusion was given at a rate of 10 to 15 ml. per minute; and (c) that the cardiac output invariably rose transiently after the transfusion, although it just as invariably fell promptly after the transfusion. This evidence all pointed to the intactness of the myocardium.
The results of a typical experiment and the interrelationship of the various data are illustrated in Figure 1 . It is to be observed that the blood volume was lower than previously, in spite of the administration of a large volume of blood. It was consistently found that blood or plasma given to an animal following a lethal dose of toxin did not prolong life appreciably. Such fluid appeared to be lost rapidly from the actively circulating blood volume, and to increase the hemorrhage and edema present in various organs.
Efforts to prevent or delay the fatal outcome by administration of adrenal cortical extract or lanatoside C were unsuccessful.
Hepatic clearance of bromsulfalein was followed in 2 dogs after injection of toxin; in one case, the rate of dye excretion per 20 minutes decreased from 60 to 30 per cent; in the other case, there was a decrease from 81 to 36 per cent. 
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Pathology: 7The gross autopsy findings associated with intravenous administration of Cl. oedematiens toxin in lethal dosage to non-immunized dogs consisted of the following: edema and hemorrhage into the lungs; congestion of the liver; hemorrhage into the adrenals; congestion and submucosal hemorrhage into the small intestine, particularly into the duodenum; small, subendothelial hemorrhages into the cardiac musculature, especially near the attachments of the chordae tendineae. The spleen was uniformly small and contracted. The weights of organs in animals receiving Cl. oedematiens and Cl. welchii toxins have been recorded in Table II . The liver, lungs, and small intestine showed significant increases in weight, and the spleen a significant decrease, 7According to Doctor A. C. Ivy (15) , the capillaries of the duodenum of the dog have been known to be especially sensitive to various toxic substances ingestedor produced in the body. The peculiar blood supply of the villi in the duodenal mucosa in the dog (16) appears to offer the best explanation of this phenomenon. when a lethal dose of Cl. oedematiens toxin was given intravenously. If the average change in organ weight is used it appears that there is an increase in weight of the above organs, including the spleen, totalling 2.1 per cent of the body weight. This weight increase, if due to trapping and extravasation of blood into these organs, could represent 20 per cent of the total blood volume.
The microscopic sections revealed a marked engorgement throughout the lungs and viscera, particularly in the former.8 Capillaries and venules in the submucosal region of the duodenum were -extraordinarily dilated and engorged with blood. The mucosa and submucosa of the stomach were spared, and a clear-cut line of demarkation appeared at the pylorus between the relatively normal pallor of the stomach and the red blush of the duodenal mucosa.
Immunized animals (17) injected intravenously with a lethal dose of Cl. oedematiens toxin revealed little if any engorgement of blood vessels (14) .
= the standard deviation. n = the number of animals.
in the lungs or viscera. Polymorphonuclear leucocytes were found in considerable numbers in the walls of the pulmonary and adrenal capillaries, presenting a picture similar to that seen in immunized animals injected intravenously with C!. welchii toxin (15 The amount of edema was increased if the same quantity of toxin was injected fractionally into several sites.
In order to determine the minimum dosage of toxin which would produce edema by the intramuscular route, all 4 legs were injected in a single dog weighing 13 kgm. The volume of fluid injected into a single limb was kept constant at 5 ml. The dosage of toxin injected ranged, however, from 80 MLD to 10 MLD per kgm. Eighteen hours later, there was massive edema (360 ml.) of the limb where the 80 MLD per kilogram dose had been given; moderate edema (210 ml.) in the limb given 40 MLD per kgm.; minimal edema (70 ml.) in the limb with 20 MLD per kgm.; and no visibly recognizable edema (40 ml. by measurement) in the limb given 10 MLD per kgm.
Pathology associated with intramuscular injection of toxin Local effects: At the site of injection, there was an area approximately a centimeter in diameter where the muscle substance had been almost completely disintegrated. The surrounding muscle tissue was edematous, with separation of the muscle fibers by edema. Small, flame-shaped hemorrhages in countless number were present along the course of the dilated and engorged smaller branches of the blood vessels supplying muscle tissue near the injection site. Edema was greatest in the fascial spaces and subcutaneous tissue.
Distant effects: There was 20 to 30 ml. of strawcolored fluid in the pleural and peritoneal cavities. The lungs and visceral organs showed much the same picture although less pronounced than that produced by the intravenous route of injection.
Effect on eyes
One MLD of toxin was injected into the corneae of each of 4 rabbits' eyes.9 Eighteen hours after injection, there was marked chemosis of the conjunctival blood vessels. By means of slit lamp illumination and the high-power dissecting microscope, tiny flame-shaped hemorrhages were seen extending out from a number of the vessels. There were dilatation and engorgement of all vessels.
DISCUSSION
Experiments on the effect of Cl. welchii toxic filtrates (14) have demonstrated that the dosage, rate, and route of administration of the toxins determine the type of effects on dogs. The same considerations apply to the present studies on Cl. oedematiens toxin. Rapid intravenous administration of a large dose of toxin is a situation far different from the slow elaboration of the toxin by organisms multiplying in a damaged muscle. Intramuscular injection of a small, sub-lethal dose of toxin appears to approach the clinical situation most closely. Here the effect of the toxin is principally local, resulting in edema and hemoconcentration. Such a picture of Cl. oedematiens myositis, predisposing to wound shock, has been observed in forward field hospitals (18) .
The data gathered on the effects of this toxin after intravenous injection, are consistent with the interpretation that the principal site of its action is on the peripheral vascular system. The toxin appears to act by causing loss of tone and damage to capillaries and other small blood vessels. As a result, the smaller vessels of the lungs and viscera become engorged with blood which then extravasates into surrounding tissues. The quantity of blood actively circulating is thereby decreased, and a fall in cardiac output occurs. There is a compensatory peripheral vasoconstriction, probably in the arterioles, resulting in an increased peripheral resistance. The extravasation of fluid and blood into the pulmonary alveoli produces an interference with oxygenation of the blood which eventually assumes critical proportions. The blood pressure remains unchanged until a point is reached where trapping of blood out of the active circulation and interference with oxygenation become too great for compensation. The blood pressure then falls to shock levels and death follows.
The possibility that the effects observed may be a non-specific.foreign protein reaction is ruled out by the protective effect of antitoxin when given intravenously simultaneously with the toxin and by the complete protection against either intravenously or intramuscularly injected toxin provided by active immunization (17) . When the toxin is injected intravenously, blood vessels throughout the animal are exposed to the toxin, and the lungs and visceral organs suffer particularly. On intramuscular injection, however, blood vessels adjacent to the injection site are exposed first and come into contact with the greatest concentration of toxin. This correlates with the observation that edema into the injected area becomes the outstanding feature. The clinical picture which this toxin produces when injected intravenously is that of shockapparently as a consequence of 2 factors: (1) trapping of whole blood in the viscera, rendering it unavailable to the circulation as a whole; and (2) extravasation of plasma and whole blood into vital organs through damaged capillaries. Addition of fluid to the circulatory system under these conditions does not restore the animal to normal, although it has a temporary beneficial effect until the additional fluid has likewise been lost from the circulation.
The inability of antitoxin to protect the animal when given more than a few minutes after the toxin suggests that the toxin produces some irreversible action on the blood vessel wall. One is tempted to reason from analogy with the action of Cl. welchii alpha toxin that Cl. oedematiens toxin (which appears to be protein in nature) may be an enzyme which acts on cell surfaces, destroy-ing some architectural unit of the surface structure. Once the damage is done, antitoxin may neutralize the effects of the toxin still circulating, but the initial damage is irreparable.
The possibility that myocardial failure might contribute to the circulatory failure has not been completely eliminated in these experiments. However, it has been shown by means of heart-lung preparations (19) that the cardiac ability and reserve are adequate up to the very end.
SUM MARY
Cl. oedematiens toxin administered intravenously produced the following picture: a latent period of one or more hours without noticeable change, followed by a progressive rise in peripheral vascular resistance, a fall in cardiac output, and eventually a decline in blood pressure to shock levels and death. Edema and hemorrhage in the lungs and visceral organs were constant findings. Cl. oedematiens toxin produced massive local edema, hemoconcentration, and eventual death, when administered intramuscularly in small dosage.
Intravenous fluids were of no permanent benefit in this syndrome. Under the conditions used, antitoxin did not prevent the lethal outcome if given more than 5 minutes after injection of the toxin.
